Sexual dysfunction is a common long-term complication of hematopoietic stem cell transplantation (HSCT). We assessed the extent to which HSCT survivors and their partners agree on the importance of and satisfaction with sexual activity and causes of sexual dysfunction, using a cross-sectional survey. Ratings of the importance of sexual activity were significantly higher in survivors than those of partners (2.57 vs. 2.14, P < 0.01). More survivors (48.4%) tried to discuss about sexuality with their partners than partners themselves (23.1%, P < 0.01). Male survivors were more likely to be sexually active than female survivors (odds ratio [OR] 5.04, 95% CI 1.85, 13.74). While 23.3 and 38% of male survivors and partners reported "rejection of partners" as a cause of sexual dysfunction, only 13.3% and none of female partners and survivors pointed this as a cause of sexual dysfunction respectively. There was poor concordance between survivors and partners in attitudes toward sexuality, satisfaction with sexual activity, and causes of sexual dysfunction. Couples who considered adequate sexual activity important were more likely to be sexually active than those who did not (OR 5.53, 95% CI 1.18, 25.89). Our study highlights the need for providing information and counselling about sexuality both to survivors and partners.
Introduction
As survival rates for hematopoietic stem cell transplantation (HSCT) have improved, quality of life issues including sexual function have become increasingly important among survivors [1, 2] . Sexual dysfunction is frequently reported in studies of quality of life after HSCT [3] [4] [5] and is a common long-term complication following high-dose cytotoxic chemotherapy and total-body irradiation [6, 7] . Common problems include decreased libido, vaginal alterations, erectile and ejaculatory dysfunction, premature menopause, dysregulation of sexual hormones, dyspareunia, and infertility [8] [9] [10] [11] [12] . Allogeneic HSCT survivors also Kwai Han Yoo and Danbee Kang contributed equally to this work.
* Jun Ho Jang jh21.jang@samsung.com * Juhee Cho jcho@skku.edu experience problems with sexuality because of genital manifestations of acute or chronic graft-versus-host disease (GVHD) [7, 9, 13] and because of high-dose corticosteroids or immune-suppressants [4, 8, 13, 14] . Poor body image, anxiety, decreased self-confidence, fear of recurrence, concurrent life stress, and concerns about infertility also disrupt the sexual-response cycle in HSCT patients [3, 15] . According to previous studies with general population, couples that were satisfied with their relationship reported higher levels of sexual satisfaction [16] . Poor communication [17, 18] , avoiding discussions about sexuality [19, 20] , fear in initiating sexual activity with survivors, decreased sexual drive [21, 22] , and misunderstandings about each party's demands contribute to reduced sexual satisfaction [23, 24] . Often, poor communication leads to long-term sexual dysfunction between survivors and their partners despite physical and psychological recovery after HSCT [9, 25] .
Some evidence shows that the quality of a couple's relationship is associated with sexual satisfaction and higher levels of sexual functioning in cancer survivors [26] . Communication within a couple is a key factor affecting successful renegotiation of sexual practices after cancer [25, 27] . With HSCT survivors and their partners, most previous studies focused on survivors' medical and psychological factors contributing to sexual dysfunction and rarely evaluated relationship factors between survivors and their partners. Moreover, no study has evaluated concordance of perceptions and attitudes toward sexuality between HSCT survivors and their partners. Therefore, we assessed the extent to which HSCT survivors and their partners agree on the importance of and satisfaction with sexual activity and causes of sexual dysfunction. Finally, we evaluated factors associated with sexual activity among HSCT survivors and their partners.
Patients and methods

Participants and procedures
We conducted a cross-sectional survey of HSCT couples recruited from three university-based HSCT outpatient clinics and the Korea Blood Cancer Association (KBCA) from September 2013 to March 2015. We recruited patients accompanied by potential sexual partners in outpatient waiting areas or at the KBCA, where trained nurses explained the purpose and procedures of the survey. Survivors were eligible if they were over 20 years of age, received autologous or allogenic HSCT, had no evidence of recurrent hematologic malignancy, had an Eastern Cooperative Oncology Group performance status of 0 to 2, and were capable of understanding and answering the survey questionnaire. Partners needed to be over 20 years of age, capable of understanding and answering the questionnaire, and with no physical or mental limitations on sexual activity. Couples were enrolled only if both survivor and partner agreed to participate. In total, 106 couples agreed to participate. After excluding patients who received autologous HSCT within the past 3 months (n = 4) or allogenic HSCT within the past 6 months (n = 7) or who did not complete the survey (n = 4), 91 couples remained in the study. Informed consent was obtained from both survivors and partners. The study was approved by the Institutional Review Boards of all participating institutions.
Measurements
Survivors and partners were instructed to complete the questionnaires in a separate area to avoid influencing each other's answers. The questionnaire included three sections that evaluated (1) current sexual activity and sexual satisfaction, (2) causes of sexual dysfunction, and (3) efforts to overcome difficulties related to current sexual activity. To evaluate current sexual activity and sexual satisfaction, we used seven questions from the Sexual Activity Questionnaire [28] . Couples were asked whether (1) they were sexually active or not, (2) they think adequate sexual activity is important, (3) they enjoyed sexual activity this month, (4) they felt satisfied after sexual activity, (5) they had the desire to have sex with their partner, (6) they engaged in more sexual activity than usual this month, and (7) they are satisfied with the frequency of sexual activity this month. Each question was assessed on a 4-point Likert scale (strongly agree = 4, agree = 3, disagree = 2, strongly disagree = 1).
As there was no specific tool to assess the cause of sexual dysfunction, we developed multiple-choice questions based on a literature review and feedback from oncology nurses and clinicians. Couples were asked to check any causes of sexual dysfunction after transplantation from among wellknown causes of sexual dysfunction in cancer patients, including decreased physical stamina of the survivor [4] , decreased confidence of the survivor [29] , alteration of body image of the survivor [29] , and common causes of sexual dysfunction such as decreased sexual desire [4] , sexual arousal disorder [4] , or rejection of the partner [30] . In addition, we included orgasm disorder, vaginal dryness and dyspareunia in women, and erectile dysfunction and premature ejaculation in men [4, 9, 31] . To compare concordance between survivors and partners, additional questions focused on survivors and partners were also asked about survivors' sexual dysfunction.
To assess efforts to overcome difficulties related to current sexual practice, we asked whether (1) couples tried to discuss sexual activity issues with each other, (2) they searched for information regarding sexual activity after HSCT, and (3) they ever received education regarding sexual activity after HSCT. Clinical information, including age, gender, body mass index, type of hematologic malignancy, time and type of HSCT, comorbidities (cerebrovascular disease, cardiovascular disease, diabetes, liver disease, lung disease, hypertension, gastrointestinal disease, muscular skeletal disease, or kidney disease), presence of acute or chronic GVHD, and the use of glucocorticoids or immunosuppressants, was retrieved from hospital electronic medical records. For survivors recruited from the KBCA, medical information was obtained through interviews conducted by oncology nurses. Marital status, education, employment status, household income, smoking and drinking status, and any physical or psychological conditions that could potentially limit sexual activity were obtained for both survivors and partners.
Statistical analysis
We used McNemar's tests or paired t-tests to compare survivors' and partners' responses and κ-coefficients to assess concordance. The strength of agreement was determined using the following criteria based on κ-coefficients: <0.20, poor; 0.21-40, fair; 0.41-60, moderate; 0.61-80, substantial; and 0.81-1.00, almost perfect. To identify factors associated with sexual activity among HSCT survivors, we used multivariable logistic regression including both survivor and couples factors in the model. In multivariate analysis, we adjusted for survivor age (continuous), sex (female or male), time since HSCT (continuous), type of diagnosis (acute myeloid leukemia/acute lymphoid leukemia, malignant lymphoma/multiple myeloma, or myeloid dysplastic syndrome/aplastic anemia), type of HSCT (autologous or allogenic), and current use of immunosuppressant drug (yes or no). Considering the different perspectives on sexuality of men and women, we conducted subgroup analysis by gender. All statistical analyses were conducted using STATA software (version 13.0; STATA Corp., Houston, TX, USA). P-values < 0.05 were considered to indicate statistical significance.
Results
Characteristics of HSCT survivors and their partners
Approximately 70% (n = 60) of survivors were male, and most survivors (96.7%) were married and the average age at diagnosis was 46.9 (±10.9) years (Table 1) . Among survivors, 46.2% had acute myeloid leukemia/acute lymphoid leukemia, 37.4% had malignant lymphoma/multiple myeloma, and 14.3% had myeloid dysplastic syndrome/ aplastic anemia. Of total 31.9% received autologous treatment, and 29.7 and 27.5% received allogenic treatment from sibling donor and from an unrelated donor, respectively. The median time since HSCT was 2.3 years, ranging from 1.1 to 3.6 years. Compared to male survivors, female survivors were more likely to be never smokers (96.8 vs. 35 .0%) and never drinkers (64.5 vs. 21.7%). About half of the survivors (52.8%) and partners (49.5%) said that they were currently engaged in sexual activity (Table 1) . While 65.0% of male survivors were sexually active, only 29.0% of female survivors answered that they were sexually active.
Concordance in importance of and satisfaction with sexual activity
Overall, ratings of the importance of sexual activity among survivors were significantly higher than those of partners (2.57 vs. 2.14, P < 0.01, agreement 71.6%, weighted κ = 0.17). Survivors expressed more desire for sexual activity (2.30 vs. 1.89, P < 0.01, agreement 72.7%, weighted κ = 0.21; Table 2 ) than their partners. Survivors and partners showed moderate agreement regarding enjoyment (1.83 vs. 1.73, P = 0.21, agreement 87.5%, weighted κ = 0.61) and satisfaction related to current sexual activity (1.82 vs. 1.79, P = 0.73, agreement 88%, weighted κ = 0.64). There was also moderate agreement on the reported satisfaction with the frequency of sexual activity (1.66 vs. 1.73, P = .50, agreement 87.1%, weighted κ = 0.59). Ratings of the importance of sexual activity were significantly higher in male survivors compared to ratings from either their partners (2.81 vs. 2.08, P < 0.01, agreement 68.9%, weighted κ = 0.16). It was also higher than those of female survivors (2.07 ± 0.86). Male survivors also expressed more desire for sexual activity than their female partners (2.60 vs. 1.86, P < 0.01, agreement 69.6%, weighted κ = 0.22). However, there was no significant difference between importance, desire, and satisfaction with sexual activity in female survivors compared to their male partners (Table 2) .
Sexual activity and difficulties with sexual activity
Both survivors and partners chose "decreased physical stamina of the survivor due to transplantation" as the most difficult aspect of sexual activity. Survivors reported "decreased sexual desire," "decreased confidence," and "alteration of body image," as challenges for sexual life, with poor agreement with partners (Table 3) .
More male survivors chose "decreased sexual desire" and "rejection of partners" as causes of sexual dysfunction than partners, and the agreement was poor (Table 3) . Although no female survivors chose "rejection of partner," 38.7% of the male partners chose it as a cause of sexual dysfunction.
Among female survivors (n = 31), 45.2 and 38.7% reported difficulties with sex due to vaginal dryness and dyspareunia, and male survivors commonly complained of erectile dysfunction (31.7%) and premature ejaculation (20.0%) than male partners. While the proportion were lower than those of survivors, 23.3, 22.0, and 16.7% of female partners reported decreased sexual desire, vaginal dryness, and orgasm disorder respectively and 15.6, 12.9, and 12.5% of male partners reported premature ejaculation, erectile dysfunction, and an orgasm disorder as causes of sexual dysfunction respectively (Table 3) . Regarding efforts to overcome difficulties related to sexuality, more survivors (48.4%) answered that they had tried to discuss such issues with partners than their partners (23.1%) and agreement was poor (weighted κ = 0.13). Approximately two-thirds of survivors (64.8%) had searched for information about sexual activity, and approximately a quarter of survivors (25.3%) had received education regarding sexual activity after HSCT. The patterns were similar between male and female survivor couples (Table 3) .
Factors associated with sexual activity in survivors and partners
Male survivors were more likely to be sexually active than female survivors (adjusted odds ratio [OR] 5.04, 95% CI 1.85, 13.74). Neither type of disease nor type of transplantation was associated with sexual activity (Table 4) . Regarding couple factors, when both survivors and partners considered adequate sex important, they were more likely to Values are means ± standard deviation a For the calculation of means, each category was assigned the following values: "not at all" = 1, "a little" = 2, "quite a bit" = 3, "very much" = 4. Thus, a higher mean indicates greater sexual satisfaction b Paired t-test (Table 4) . When survivors or partners reported discussing or seeking information about sexuality, couples were more likely to be sexually active than those who did not engage in such discussions (statistically nonsignificant).
Discussion
This is the first dyadic study to compare attitudes about and experiences of sexual activity between HSCT survivors and their sexual partners. Approximately half of the HSCT survivors in our study were sexually active. Survivors gave more importance to sexual activity and tried to discuss sexual activity issues more than their partners. Male survivors were more likely to be sexually active, had more desire, and were more satisfied with current sexual activity than female survivors. Both male and female survivors had poor agreement with their partners regarding satisfaction with current sexual life and cause of sexual dysfunction. When both survivors and partners thought that adequate sex was important, they were more likely to be sexually active than when both survivors and partners did not.
In a recent study comparing sexual activity of cancer survivors with controls, cancer survivors reported similar levels of sexual activity to age-matched controls, but were more likely to be dissatisfied with their sex lives [7, 25, 26, 32] . Similarly, in our study, while most survivors agreed on the importance of adequate sexual activity and expressed the desire to have sex with their partners, a relatively small number of the survivors enjoyed current sexual activity and were satisfied with the frequency of sexual activity in the past month. Female survivors were the least likely group to engage in and enjoy sexual activity in the past month among our four study groups, perhaps due to a combination of conditioning regimen, premature menopause, and vaginal chronic GVHD. Or this might be due to their male partners' misperception about sexuality caused by lack of communication. In our study, 38% of male partner reported "rejection of partners" as a cause of sexual dysfunction while none of female survivors it as a cause of sexual dysfunction. However, only 22.6% of male partners tried to discuss sexual issues with female survivors, which was much lower proportion than those of female survivors (41.9%). Male partners might perceive that female survivors rejected to have sex with them without trying to discuss about it. Our female survivors were more likely to experience orgasm disorder and sexual arousal disorder than female partners of male survivors. Moreover, they were more likely to experience lower body image and decreased confidence. A previous study found that female bone marrow transplantation (BMT survivors experienced worsened sexual dysfunction over time [10] , and these problems can persist for a long time, possibly indefinitely [4, 8] . Further studies are necessary to develop appropriate interventions for improving sexual quality of life in female survivors after HSCT.
We found poor concordance on the importance of adequate sexual activity and desire for sexual activity between survivors and partners. Partners gave less importance to adequate sexual activity after HSCT and were less likely to express desire for sexual activity than survivors, perhaps due to the different attitudes toward sexuality by gender. In our study, female partners were also less likely to give importance to sexuality and to engage in sexual activities than male survivors. However, both female and male partners less likely to express their interests and concerns regarding sexuality. This might be reflection of lack of education or counseling for partners of the HSCT patients. Partners may also have unnecessary concerns about the survivors' physical condition and may have misunderstandings about the effects of transplantation on OR odds ratio, CI confidence interval, HSCT hematopoietic stem cell transplantation, GVHD graft-versus-host disease/acute myeloid, N.A. not applicable * P < 0.05, **P < 0.001. Adjusted for age, sex, time since HSCT, type of diagnosis, type of transplant, and immunosuppressant use sexual activity and the survivors' desires. Partners may also avoid discussing sexuality or initiating sexual activity because they do not want to make survivors uncomfortable [23, 27, 33] . Indeed, only one-fifth of the partners in our study tried to discuss sexual activity with the survivors, and this was similar for both male and female partners. Therefore, partners need to be involved in education and counseling about sexuality after HSCT. Given that sexuality comprises psychological, relational, and cultural elements in addition to physiological factors, it is critical to embrace an integrative bio-psycho-social approach to understanding and addressing survivors' and partners' sexual experience. In our study, decreased physical stamina due to HSCT and decreased desire were the most common causes of sexual dysfunction, as noted by survivors and partners of both genders. However, agreement between survivors and partners was only fair, indicating limited communication regarding reasons for sexual dysfunction.
"Decreased confidence" and "alteration of body image of the survivor" were commonly reported by survivors and partners, although there were slight differences depending on the survivor's gender. Although it is well known that HSCT survivors, especially survivors with GVHD, experience distress due to alteration of body image [34] , this is the first study in which partners were also distressed due to survivors' altered body image. Partners may misperceive survivors' body changes after transplantation. Clearly, we need to pay attention to partners' knowledge, misperceptions, and unmet needs in relation to sexuality and intimacy after a diagnosis of hematologic malignancy, as the disease affects not only the patient but also their significant others [35] .
In this study, despite female survivors and their partners agreeing that adequate sexual activity is important, they had poor agreement on the causes of sexual dysfunction. For example, while no female survivors chose "rejection of partners" as a cause of sexual dysfunction, approximately 40% of their partners did so, perhaps due to lack of communication or misunderstanding about sexuality after HSCT [17] . Both survivors and partners would have limited knowledge on the clinical course of HSCT and its impact on sexuality, and may have difficulty regaining a level of normality in their sexual relationship. In these circumstances, feeling unwanted and unattractive due to the cessation of sex may be a likely outcome. Health professionals need to provide information and education related to sexuality after cancer and encourage communication between survivors and partners.
Relationship factors influence sexual activity and satisfaction outside the context of malignancy [19] , yet the association between relationship factors and sexual adjustment after a cancer diagnosis has been neglected [11] . Successful renegotiation of sexual practices after cancer is associated with couple communication, but studies have been limited to qualitative research [25, 27, 33] . In our study, the couples were significantly more likely to be sexually active when both survivors and partners thought that adequate sexual activity was important or tried to discuss sexual issues, supporting the importance of communication between the survivors and partners.
Although approximately 65% of survivors and partners had searched for information about sexual activity after HSCT, only approximately 25% had received education related to sexuality after transplantation, supporting the lack of communication about sexuality between survivors and clinicians reported previously [36] . The absence of communication about sexuality following cancer treatment may leave uncorrected many erroneous assumptions made by survivors and their partners. Health professionals need to find ways to intervene before survivors and partners develop misconceptions about sexuality after cancer.
There were several limitations to this study. First, this was a cross-sectional study that may be affected by reverse causation. That is, couples may report discordance in sexuality because of experiences of sexual dysfunction, rather than discordance causing sexual dysfunction. Second, because this study was based on self-report, some participants may have over-reported or under-reported their sexual activity or may not recall appropriately all their difficulties. Third, while other factors such as employment status or drinking habits could impact sexual life, we were unable to evaluate them due to our limited sample size. Future studies with larger samples are necessary to evaluate the impact of socio-behavioral factors on sexual life in BMT patients and their partners. Despite these limitations, to our knowledge, this is the first study of HSCT couples assessing concordance of importance and satisfaction of sexual activity and causes of sexual dysfunction.
In conclusion, HSCT survivors considered sexual activity important and desired to engage in sexual activity. However, there was poor concordance between survivors and partners regarding attitudes towards sexuality, satisfaction with current sexual activity, and causes of sexual dysfunction. These outcomes indicated a lack of communication within couples. We also identified a paucity of resources for couples regarding sexuality after a cancer diagnosis. Our study highlights the need for providing information and counselling about sexuality both to HSCT survivors and partners. Furthermore, it is important for health professionals to emphasize that couples need to communicate with and understand the challenges of each party regarding sexual dysfunction after HSCT.
